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Commute O/D matrix:
observed*

* From combined Census 
2016 and 2021 data



Place of Residence – Place of Work (PoRPoW) gravity model: friction



Difference in predicted 
flows, model vs. 
observed

Uncalibrated model
(Toronto parameters)



[Signed] GEH statistic for 
difference in predicted 
flows, model vs. 
observed

Uncalibrated model
(Toronto parameters)



Difference in predicted 
flows, model vs. 
observed

Model with 1.5x 
time/distance 
parameters



[Signed] GEH statistic for 
difference in predicted 
flows, model vs. 
observed

Model with 1.5x 
time/distance 
parameters



Question: how to calibrate

• Current approach
• K factors: manually choose pairs 

of O and D ranges and value to 
multiply friction matrix

• Desired approach
• Find algorithm to calculate ‘best’ 

K-factors across all O/D pairs



Naïve K-factor matrix 
(clipped to [1/2, 2]) 

Model with 1.5x 
time/distance 
parameters



Difference in predicted 
flows, model vs. 
observed

Model with naïve K-
factor calculation



Issue: overfitting!

• Observed O/D data not perfect 
(especially in newly developed 
areas)

• Using the naïve approach 
effectively overrides the model

• Is there a way to calculate good K-
factors which capture the overall 
patterns?



Idea: Principal component analysis

• Use PCA on the observed O/D matrix to distill the main components of 
variation in both dimensions

• Choose number of PCs based on how many represent reasonable 
geographical patterns?



Work zone PCA – weights 
for component 0



Work zone PCA – weights 
for component 1



Work zone PCA – weights 
for component 2



Work zone PCA – weights 
for component 3



Work zone PCA – weights 
for component 4



Work zone PCA – weights for 
component 5 (discarded)



Home zone PCA – weights 
for component 0



Home zone PCA – weights 
for component 1



Home zone PCA – weights 
for component 2



Home zone PCA – weights 
for component 3



Home zone PCA – weights 
for component 4



Home zone PCA – weights 
for component 5



Home zone PCA – weights 
for component 6



Home zone PCA – weights 
for component 7 (discarded)



Modelled-observed comparison on 
components

Observed Modelled Difference (M-O)



Observation about highest-difference cell

Home zone component 1 Work zone component 1(1, 1)

• Model overestimates cross-harbour commuting



Application to compute K-factors

• Calculate friction matrices for observed and modelled
• Reduce then re-expand both matrices in both directions to keep 

only the main factors
• Divide re-expanded matrices to compute K-factor matrix.



PCA K-factor matrix 
(clipped to [1/2, 2]) 



Difference in predicted 
flows, model vs. 
observed

PCA K-factor scaled 
model



Difference in predicted 
flows, model vs. 
observed

Uncalibrated model
(Toronto parameters)



[Signed] GEH statistic for 
difference in predicted 
flows, model vs. 
observed

PCA K-factor scaled 
model



[Signed] GEH statistic for 
difference in predicted 
flows, model vs. 
observed

Uncalibrated model
(Toronto parameters)



Does this improve the fit?



Questions? Suggestions?
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